Middleton S, Oberti C, Prager R, Middleton HH: Stimulating effect of acetylcholine on the papillary myocardium. Acta Physiol Lat ] on isolated coronary artery smooth muscle. Helical strips of cat coronary arteries, suspended in physiologic salt solution (37 °C, 95% Oi, and 5% COi) were used. In some experiments, isometric tension was induced by acetylcholine (ACh), while in others, spontaneously contracting strips were studied. In the first series of experiments, equilibration of artery strips in solutions of increasing ] induced an additional relaxation of 29.7 ± 4.6%, which was significantly greater than the relaxation in the absence of adenosine (P < 0.005). Simultaneous addition of potassium and adenosine produced significantly greater relaxation than either substance individually. The latter two findings support the concept that vasoactive agents may interact to relax arterial smooth muscle. These results may have implications with regard to local regulation of coronary blood flow.
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] on isolated coronary artery smooth muscle. Helical strips of cat coronary arteries, suspended in physiologic salt solution (37 °C, 95% Oi, and 5% COi) were used. In some experiments, isometric tension was induced by acetylcholine (ACh), while in others, spontaneously contracting strips were studied. In the first series of experiments, equilibration of artery strips in solutions of increasing [K + ] (2.0-10.0 mM) resulted in progressively decreasing responses to adenosine. ACh-stimulated strips were less responsive to 0.1-10.0 uM adenosine than were strips developing spontaneous tone. In the second series of experiments, [K + ] was elevated abruptly in small increments both in the absence and presence of a background level of adenosine. From an initial concentration of 3.0 HIM, a 2.0 min increment of [K + ] induced a transient relaxation of 16.0 ± 2.7% in the absence of adenosine. However, following the addition of adenosine, which produced a 20.4 ± 3.0% relaxation, a 2.0 mM increment of [K + ] induced an additional relaxation of 29.7 ± 4.6%, which was significantly greater than the relaxation in the absence of adenosine (P < 0.005). Simultaneous addition of potassium and adenosine produced significantly greater relaxation than either substance individually. The latter two findings support the concept that vasoactive agents may interact to relax arterial smooth muscle. These results may have implications with regard to local regulation of coronary blood flow. Circ Res 44: 207-215, 1979 THE close, direct relationship between myocardial metabolism and coronary blood flow has long been recognized (Anrep, 1926; Berne, 1964; Eckenhoff et al., 1947; Shipley and Gregg, 1945) , but the mecha-nisms involved remain controversial (Rubio and Berne, 1975) . Current evidence strongly supports a major role for the purine nucleoside adenosine in local regulation of coronary vascular resistance (Berne, 1963; Berne and Rubio, 1974; Rubio and Berne, 1975) , but contributions by factors such as K + , H + , O2, and CO2 have not been excluded (Haddy, 1969) . In this regard, it has been proposed that two or more vasoactive substances of metabolic origin may act in concert to alter coronary vascular resistance in association with reactive hyperemia, autoregulation, and altered myocardial metabolism (Haddy, 1969; Haddy and Scott, 1968) .
It has been found that hypoxia potentiates vasodilation by potassium in vivo (Skinner and Powell, VOL. 44, No. 2, FEBRUARY 1979 1967) and relaxation of artery strips by adenosine in vitro (Gellai et al., 1973) , but the interaction of potassium and adenosine on coronary artery smooth muscle has not been studied. Ischemic myocardium releases potassium (Case et al., 1969; Gerlings et aL, 1969; Sybers et al., 1971) and adenosine (Berne, 1963; Katori and Berne, 1966) and their combined vasoactive effects may be of importance in the production of coronary vasodilation associated with local decreases in oxygen tension.
The present studies were undertaken to evaluate possible interactions of alterations in potassium ion concentration and adenosine on contraction and relaxation of isolated coronary artery strips. The experiments were designed (1) to determine the effect of varying K + concentrations (2-10 mM) on the responsiveness of the strips to adenosine, (2) to determine whether K + -induced relaxation of the strips would be modified by prior exposure to adenosine, and (3) to determine whether any potentiation of relaxation would result when the two substances were added simultaneously, compared to their effects when administered separately. The studies used preparations in which contractile tension was induced by acetylcholine (ACh), and also those in which tone was present spontaneously in the absence of ACh.
Methods

Preparation of Helical Coronary Artery Strips
Mongrel cats weighing 2.0-2.5 kg were anesthetized with intraperitoneal sodium pentobarbital, 25 mg/kg. The heart was excised and placed in 0.9% saline solution at 4°C. With the aid of a dissecting microscope, coronary artery segments were dissected from the free wall of the left ventricle and placed in a physiologic salt solution (PSS) containing 5.95 mM K + (composition given below). Helical strips were cut from coronary arteries which ranged from 300 to 500 fim in outer diameter. The strips were cut in a counterclockwise fashion at an angle of 45° and were approximately 0.5 mm wide and 10 mm long. In a chamber containing 10 ml of PSS with 5.95 mM K + , the strip was suspended vertically by a length of 6-0 surgical silk tied to its proximal end and attached to a force transducer above the chamber. The distal end of the strip was anchored at the bottom of the chamber in a stainless steel, spring-loaded clip. Isometric contractile tension developed by the vascular strips was measured by Hewlett-Packard FT-1 force transducers and recorded by a Hewlett-Packard 7848A direct-writing recorder. Prior to any testing, the strips were allowed to equilibrate 1.5-2 hours in PSS containing 5.95 HIM K + , at a temperature of 37°C, and constantly gassed with 95% O 2 and 5% CO 2 .
In most experiments, acetylcholine (ACh) was used to induce the artery strips to develop tension. The presence of this agonist in the bath produced sustained contractions which were reproducible for several hours. In one group of experiments (Fig. 2) , the artery strips developed contractile tension spontaneously, in the absence of any agonist. The methods used in experiments involving each type of tension development are described in detail below.
Acetylcholine-Stimulated Strips
During the initial 1.5-to 2-hour equilibration period, the strips were stretched to a total tension of 100 mg. Following equilibration, the response of the artery strips to ACh was determined. The strips responded maximally to 100 fiM ACh. The experiments were conducted using a concentration of ACh which induced 50-70% of the maximum response. A concentration of 1 JUM ACh was found to be appropriate in most cases, although a few experiments required the use of lower concentrations. The artery strips included in the ACh-stimulated groups nil exhibited 95-210 mg of ACh-induced active tension in 5.95 mM K + solutions. A small degree (less than 50 mg) of spontaneous active tension was often present in addition to tension induced by ACh.
At the end of each experiment, the bath chamber was filled with a calcium-free solution identical in composition to the 5.95 mM K + solution except for the substitution of NaCl for CaCl 2 . The tension recorded in the presence of calcium-free solution was designated as the passive tension on the artery strip. Active tension was defined as total tension minus passive tension.
Strips with Spontaneous Tone
During the 1.5-to 2-hour equilibration period, the strips were gradually stretched to achieve total tensions of approximately 350 mg. The magnitude of passive tension was determined at the end of the experiment, when the bath solution was replaced by calcium-free solution. Spontaneous tension was defined as total tension minus passive tension. All preparations included in this study exhibited maximum spontaneous tensions greater than 100 mg in 5.95 mM K + solutions.
Effect of Variations in [K + ] on Responses to Adenosine
Composition of Physiologic Salt Solutions
In experiments designed to determine effects of varying [K + ] on the response to adenosine, each artery strip was allowed to equilibrate in three physiologic salt solutions of different [K + ]. The solutions containing 2.0 and 4.0 mM K + were prepared from a solution of the following composition in mM: NaCl, 125.7; NaHzPCvHOH, 1.20; MgSCv7H0H, 1.19; CaCl 2 -2HOH, 2.50; NaHC0 3 , 21.5; glucose, 5.5; and EDTA-2Na-2HOH (Sigma), 0.03. Appropriate amounts of KC1 were added to achieve either 2.0 or 4.0 mM K + . The solutions containing 8.0 and 10.0 mM K + were prepared from a solution that contained 5.95 mM K + and was of the following composition in HIM: NaCl, 121.0; KCl, 4.75; KH 2 PO 4 , 1.20; MgSCv7HOH, 1.19; CaCl 2 -2HOH, 2.50; NaHCO 3) 21.5; glucose, 5.5; and EDTA-2Na-2HOH, 0.03. Appropriate amounts of KCl were added to achieve either 8.0 or 10.0 mM K + . The solution with 5.95 mM K + was used during the 1.5-to 2-hour equilibration period for each artery strip (see above).
Addition of ACh and Adenosine
The strips were allowed to equilibrate in a given [K + ] for at least 20 minutes, or until basal tension had reached a stable level, prior to administration of ACh and/or adenosine. In the ACh-stimulated strips, the contractile response to this agonist was allowed to stabilize prior to the addition of adenosine. In both ACh-stimulated and spontaneously contracting preparations, adenosine was added in cumulative doses so that bath concentrations were attained sequentially from the lowest to the highest concentration. Adenosine solutions were added in volumes of 0.1 ml or less for each concentration increment. After the addition of each dose of adenosine, the ensuing partial relaxation was allowed to stabilize prior to the addition of the next dose of adenosine. Typically, 5-7 minutes elapsed between successive additions of adenosine. After a sequence of adenosine additions, the bath was rinsed several times to remove all ACh and/or adenosine and then filled with a solution having a different [K + ], in preparation for the next series of adenosine additions. To minimize the effects of possible changes in adenosine response with time and the possibility that the sequence of K + concentrations would influence the results, the orders of exposure to the three K concentrations were randomized within a given group of strips. Adenosine (Calbiochem) and acetylcholine chloride (Calbiochem) were made up in solutions of the appropriate [K + ] and kept on ice throughout the experiments.
Within each group of artery strips, differences among the mean values of control tension and percent relaxation induced by a given adenosine concentration in the three potassium concentrations were evaluated using analysis of variance and Duncan's new multiple range test (Li, 1964) . Differences were considered statistically significant if P < 0.05.
Effects of Adenosine on K + -Induced Relaxation
Artery strips were prepared and equilibrated as described above. The 5.95 mM K + solution in the bath chamber was then exchanged for a solution containing 3.0 mM K + , which was prepared from a zero-K + solution, as described above for 2.0 and 4.0 mM K + solutions. ACh-stimulated contractions were produced following at least 20 minutes of equilibration in 3.0 mM K + solution. Responses to increments in [K + ] (+2.0 or +4.0 mM) were determined in the absence and in the presence of a previously tested concentration of adenosine (0.1-100.0 JUM). In this consecutive manner of adding the two substances, the relaxation induced by adenosine was allowed to stabilize prior to the addition of the [K + ] increment. After a given intervention sequence, the artery strips were washed several times with the 3.0 mM K + solution and allowed to reequilibrate for at least 20 minutes before the next series of additions. All concentrations are given as final bath concentrations. Solutions of ACh and adenosine were made up daily using 3.0 mM K + solution. Concentrated KCl solutions for incremental [K + ] administrations were made by adding KCl to a zero-K + solution identical in composition to the one used to prepare the 3.0 mM K + solution (see above). All ACh, adenosine, and KCl additions to the initial 10 ml of bath were made in volumes of 0.1 ml.
The K + -induced relaxations in the absence of adenosine were compared to those in the presence of adenosine in two ways. Since the K + -induced relaxation is a transient one and tension is spontaneously recovered if the elevated [K + ] is sustained, both the minimum tension during relaxation and the final maximum tension after recovery were recorded (Fig. 3) . The minimum and maximum tensions were then expressed as a percent of the control tension (%C) present before addition of either adenosine or K + (Fig. 4) . To compare the degree of relaxation in the absence and presence of adenosine, the decrease in tension following K + addition was expressed in terms of the change in percent control tension (A%). The latter was obtained by subtracting the minimum %C for each relaxation from the %C value present just prior to the addition of the
In several experiments, adenosine and the [K + ] increment were added simultaneously in a single 0.1 ml of solution. The response to the simultaneous addition of the two substances was compared to individual responses of the same strips to [K + ] elevation alone and adenosine alone by expressing the decreases in tension in terms of percent relaxation (Fig. 7) .
Results
Effects of Variations in [K + ] on Responsiveness to Adenosine
Equilibration of the vascular strips in progressively increasing K + concentrations was associated with reduced relaxation in response to adenosine. In the group of ACh-stimulated artery strips exposed to 2.0, 4.0, and 5.95 mM K + (Fig. 1) , percent relaxation at each adenosine concentration was significantly less in 4.0 and 5.95 mM K + than the responses observed in 2.0 mM K + (P < 0.05). Although a similar pattern of diminished relaxation in response to 0.1-100.0 /XM adenosine with increasing [K + ] was observed in another group of eight artery strips exposed to 5.95, 8.0, and 10.0 mM K + , the differences were not statistically significant (analy- sis of variance, P > 0.05). In the group of artery strips developing spontaneous contractile tension (Fig. 2) , progressively higher K + concentrations resulted in diminution of relaxation in response to 0.01-1.0 jmn adenosine. When adenosine concentration reached 10.0 /IM, the differences in the responses in 2.0 and 5.95 mM K + were abolished, but relaxation in 10.0 MM K + was still significantly attenuated.
In ACh-stimulated preparations, small increases in control tension were observed in the higher K + concentrations. The control tensions for the group of strips exposed to 2.0, 4.0, and 5.95 mM K + (Fig. 1 13.2 mg, respectively. The control tensions for the other group of ACh-stimulated strips, exposed to 5.95, 8.0, and 10.0 mM K\ were 145.6 ± 10.3, 157.5 ± 11.3, and 156.3 ± 13.6 mg, respectively. These differences in mean control tensions were not statistically different (P > 0.05) when evaluated by analysis of variance. In preparations with spontaneous tone (Fig. 2) , control tensions were directly related to the K + concentration in which the vascular strips were equilibrated. The control tensions for this group of strips in 2.0, 5.95, and 10.0 mM K + were 125.0 ± 14.8, 206.2 ± 21.8, and 267.5 ± 21.5 mg, respectively. All three mean control tensions were significantly different from one another (P < 0.05).
ACh-stimulated artery strips were less sensitive to adenosine than the artery strips developing spontaneous tone. Thus, the concentration-response curves for ACh-stimulated artery strips are shifted to the right, relative to the curves for spontaneously contracting artery strips. In response to 0.1-10 ^M adenosine, ACh-stimulated strips exhibited significantly less relaxation than the strips with spontaneous tension (P < 0.02) in all cases except at a concentration of 0.1 /IM adenosine in 10.0 mM K + . Moreover, spontaneously contracting artery strips relaxed to a significantly greater extent in response to 10.0 /IM adenosine than the ACh-stimulated strips in response to 100.0 /IM adenosine (P < 0.025).
Effect of Adenosine on K + -Induced Relaxation
Adenosine enhanced the relaxation of tension elicited by incremental elevations of K + concentration above the baseline concentration of 3.0 mM (Fig. 3) . In tracing A of Figure 3 , an artery strip equilibrated in 3.0 mM K + and stimulated to contract by 1.0 jiM ACh relaxed 55 mg when [K + ] was elevated by 2.0 mM. The biphasic pattern of relaxation followed by spontaneous recovery as [K + ] remained elevated was observed consistently. In tracing B, 0.1 fiM adenosine was administered during a subsequent contraction of the same strip, resulting in a 10-mg reduction of tension. After stabilization of tension at the lower level, a 2.0 mM increment of [K + ] induced a slightly greater relaxation of 75 mg. In tracing C, 1.0 JIM adenosine caused a 30-mg reduction of tension, and the subsequent addition of 2.0 mM K + induced a markedly enhanced relaxation of 110 mg. In tracing D, the [K + ] increment was again administered in the absence of adenosine, and a 55-mg relaxation ensued. Figure 4 shows the results of nine experiments conducted as shown in Figure 3 ] increment, the degree of relaxation in response to addition of potassium can be expressed in terms of the change in percent control tension (A%). In Figure 5 it is seen that the presence of adenosine resulted in significantly enhanced relaxations in response to [K + ] elevations of 2.0 mM (P < 0.005) (Student's t-test). In the 16 artery strips exposed to 4.0 mM increments of K + , a relaxation of 14.9 ± 3.0 A% occurred in the absence of adenosine, compared to 31.2 ± 4.6 A% in the presence of adenosine (P < 0.001).
Effect of Simultaneous Administration of Adenosine and K +
The interaction between K + and adenosine resulted in somewhat varied responses when the two substances were added simultaneously. In a total of 10 experiments, six strips relaxed to a greater extent after simultaneous addition of adenosine and K + than when either substance was administered individually, but less than or equal to the sums of the individual responses. The remaining four strips exhibited relaxations in response to the simultaneous addition which were greater than the sums of the individual responses. Figure 6 illustrates an example of the latter type. In tracing A of Figure 6, 15 mg of relaxation. However, simultaneous addition of 10 nm adenosine and 4.0 mM K + elicited 75 mg of relaxation (tracing C). It is noted that, with a background concentration of 10 JUM adenosine, the [K + ] increment elicited a markedly enhanced relaxation of 150 mg (tracing B). Thus, the total relaxation induced by the consecutive addition of adenosine and K + was 165 mg (tracing B). However, the simultaneous addition (tracing C) resulted in only a 75-mg relaxation, less than half of the total relaxation in tracing B. Nine of the 10 strips treated in this manner responded similarly, while the remaining strip relaxed to a lower minimum tension when adenosine and K + were added simultaneously than when added consecutively. those obtained with either substance individually. In five additional experiments, similar results were obtained with 2.0 mM increments of K + and adenosine. In this group, simultaneous addition resulted in 43.7 ± 9.5% relaxation, which was significantly greater (P < 0.05) than either K + alone (22.2 ± 5.6% relaxation) or adenosine alone (20.8 ± 3.3% relaxation).
Discussion
The results of this study demonstrate that the degree of relaxation of isolated cat coronary artery strips by adenosine was inversely related to the concentration of potassium in which they were equilibrated. This pattern was observed with both ACh-stimulated vascular strips (Fig. 1) and strips with spontaneous tone (Fig. 2) . To our knowledge, no previous studies have evaluated the effects of small variations of K + concentration within the physiological range of 2.0-10.0 mM on adenosineinduced relaxation of isolated coronary artery smooth muscle. Other investigators have studied the effects of K + concentration alone and adenosine alone Schnaar and Sparks, 1972) on coronary artery strips. One study, using 20-60 mM KC1 to stimulate contraction of hog carotid artery strips, demonstrated a direct relationship between [K + ] and control tension and an inverse relationship between [K + ] and response to adenosine (Herlihy et al., 1976) .
In the group of artery strips developing spontaneous contractile tension, there was a direct relationship between potassium ion concentration and control tension. The ACh-stimulated artery strips also showed this tendency, although the mean control tensions in the different K + concentrations were not significantly different. This relationship between [K + ] and control tension in this study is consistent with the biphasic response of many isolated arterial preparations to a step increase in [K + ] from a low level within the 2.0-10.0 mM range (Biamino and Wessel, 1973; Gebert and Piechowiak, 1974; Gellai and Detar, 1974; Konold et al., 1968 (Figs. 3 and 6) . Thus, in the present experiments, after at least 20 minutes equilibration in a given [K] , any transient relaxation will have been reversed, producing a greater tension than was observed at a lower [K] . Other investigators' data agree with these observations (Gellai and Detar, 1974) . Previous reports (Bohr and Goulet, 1961; Brecht et al., 1969; Gebert and Piechowiak, 1974) Figures 1 and 2 , are consistent with the results presented in Figures 3 and  4 , which show that the recovery component of the biphasic response to [K + ] elevation tended to partially reverse a previously completed relaxation by adenosine.
The sensitivity of these isolated coronary artery strips to 1 X 10 M (0.1 /IM) adenosine is of interest, since this concentration has been reported to result in significant dilation of the intact coronary vasculature (Lammerant and Becsei, 1973) . The coronary strips with spontaneous tone (Fig. 2) responded to 0.1 fiM adenosine with considerably greater relaxation in 2.0 and 5.95 mM K + than did the AChstimulated strips in all concentrations of K + studied (Fig. 1) . However, response in 10.0 mM K + was comparable to that of the ACh-stimulated artery strips. The relatively low sensitivity of some in vitro vascular smooth muscle preparations to adenosine compared to that of the intact vasculature has been noted by others (Herlihy et al., 1976; . It would appear that spontaneous tone developed in lower K + concentrations in these cat coronary artery strips responds to 10~7 M adenosine with a sensitivity more comparable to that of intact vasculature. The differences in the concentrationresponse curves for ACh-stimulated strips (Fig. 1) and strips with spontaneous tone (Fig. 2) also suggest a greater sensitivity of spontaneous tone to adenosine-induced relaxation. This observation agrees with the findings for rabbit coronary artery strips .
In contrast to the diminished adenosine-induced relaxation associated with a preexposure to elevated [K + ], preexposure to adenosine enhanced the relaxation of artery strips in response to a subsequent elevation of potassium concentration. This finding is clearly illustrated by Figures 3-6 .
Since metabolically induced changes in local blood flow in situ might result from simultaneous changes of the interstitial fluid concentrations of more than one substance (Haddy and Scott, 1968) , several artery strips in the present study were subjected to simultaneous administration of adenosine and potassium. The results of these experiments indicated an additive interaction of the two, i.e., responses to simultaneous administration were greater than those associated with either substance alone ( Fig. 6 and 7) . Four of 10 artery strips exhibited responses to simultaneous adenosine and potassium which were greater than the sum of the relaxations following individual additions. One example of this is shown in Figure 6 . However, the mean response of the strips to simultaneous addition was approximately the sum of the mean responses to the two substances when added separately (Fig. 7) . VOL. 44, No. 2, FEBRUARY 1979 A recent study demonstrated that simultaneously induced [K + ] elevation and hyperosmolarity resulted in greater relaxations than produced by either condition alone (Gellai and Detar, 1974) . This observation is consistent with reports of augmented vasodilation in situ by combinations of hyperkalemia and hyperosmolarity (Skinner and Costin, 1970) , and is in harmony with the results of the present study. The authors suggest that the interaction between potassium and osmolarity in their in vitro experiments were nonspecific, and that any condition which reduced contractile tension of the artery strips would result in an enhancement of K + -induced relaxation (Gellai and Detar, 1974) . In the present study, the maximum enhancement of K + -induced relaxation by adenosine appears to be related more closely to the degree of relaxation by adenosine than to its concentration. This observation might also suggest that the interaction of adenosine and [K] increments is of a nonspecific nature. It is likely that many vasodilator agents and imposed conditions in vitro, regardless of their intermediate mechanisms, have a common final mechanism of calcium ion sequestration, producing relaxation. However, the possibility of nonspecific interactions of common mechanisms does not diminish the possible physiological significance of an enhancement of K-induced relaxation of arterial smooth muscle by adenosine and hyperosmolarity.
The positive interaction of adenosine and K + -induced relaxations of cat coronary artery strips in the present studies, together with an apparent sensitization of rabbit coronary artery strips to changes in P02 by adenosine (Gellai et al., 1973) , suggest that adenosine might enhance the in vitro vasoactivity of other substances of metabolic origin. It is uncertain whether such in vitro interactions can be extrapolated to the intact vasculature. However, it is conceivable that a basal level of adenosine in the interstitial fluid surrounding the coronary arterioles in situ would make the arterioles more sensitive to fluctuations of P02 and acutely elevated [K + ], as well as changes in the concentrations of other metabolic substances. This would be consistent with the proposal that no single mechanism accounts for local blood flow regulation under all circumstances (Haddy and Scott, 1968) . However, it has been suggested that adenosine alone can fully account for the increases in blood flow during coronary reactive hyperemia (Rubio et al., 1969) .
The initial relaxation of coronary artery strips in response to addition of K + to the bath is consistent with a role for this ion in the initiation of vasodilation in the coronary circulation. However, the secondary recovery of tension as the elevated [K + ] persists suggests that potassium cannot be responsible for sustained vasodilation during functional and reactive hyperemia (Gellai and Detar, 1974 ). This conclusion also has been indicated by the secondary vasoconstriction of a skeletal muscle vascular bed in situ following an initial K + -induced vasodilation (Brace, 1974) . It is not known whether prolonged [K + ] elevation would reduce the responsiveness of coronary arterioles in situ to adenosine.
It was not the purpose of this study to attempt to define mechanisms of contraction and relaxation of vascular smooth muscle. Thus, we have no evidence with which to explain the mechanisms responsible for these observations. Indeed, the precise mechanisms of action of ACh and adenosine, and the effects of [K + ] on contraction are still undetermined (Herlihy et al., 1976; Somlyo and Somlyo, 1970) . ACh may directly increase cell membrane permeability to external Ca 2+ ions (Somlyo and Somlyo, 1970) . There is evidence that adenosine directly decreases membrane permeability to Ca 2+ , but other mechanisms also may participate (Herlihy et al., 1976; Schnaar and Sparks, 1972) . Recent evidence suggests that [K] increments cause an initial relative hyperpolarization via a stimulation of the Na-K-activated membrane ATPase (Na-K pump) of vascular smooth muscle, followed by a gradual depolarization if [K] remains elevated (Brace, 1974; Chen et al., 1972; Gebert and Piechowiak, 1974) . Moreover, it has been suggested that stimulation of the Na-K pump might diminish a transmembrane influx of Ca coupled to Na efflux (Limas and Cohn, 1974) . It is unknown how these suggested mechanisms might interact to produce the observations described in this study.
